: Size-exclusion chromatography of yeast V-ATPase c-ring in dodecyl, undecyl and decyl maltoside. Yeast total membranes were extracted with 0.6 mg DDM per mg of membrane protein and Vo was purified using 0.1% DDM in all buffers. Following removal of subunits a and d with LPPG/sarkosyl and ammonium sulfate precipitation, c-ring was dialyzed against 0.1% DDM containing buffer. c-ring was concentrated to ~2.7 mg/ml. ~2 mg was subjected to size-exclusion chromatography in either 0.02% DDM (a), 0.06% UnDM (b) or 0.18% DM (c). Fractions were analyzed by 13% SDS-PAGE and silver staining. The detergent content of the fractions was analyzed using thin-layer chromatography in chloroform/methanol/water (100:38. Both the cis and trans sides of the chamber contained each 1.5 ml of 10 mM Tris-HCl, pH 8.0, 1 M KCl. The chambers were separated by a planar lipid bilayer of 1,2 diphytanoyl-sn-glycero-phosphatidylcholine, which was formed across a teflon aperture with a diameter of ~80 µm. Monomeric c-ring, which was extracted and purified in UnDM and containing less than 1% detergent, was added to the cis side to a final concentration of ~0.2-0.8 ng/ml. The cis side was grounded, meaning that a positive current represents positive charge moving from the trans to the cis side, as depicted in the schematic. Electrophysiology measurements were conducted as described in references 2, 3 . In panels (a) and (b), the applied transmembrane potential was +30 and -30 mV, respectively. In (a), a longlived current blockade to a lower conductance of ~4.1 nS was observed, which was followed by a full current blockade. At -30 mV, c-ring showed an open-state current decorated by frequent current blockades of varying amplitudes (Fig. 5b, the main and c'' (Vma16p) were threaded into the crystal structure of the bacterial homolog from the E. hirae sodium V-ATPase (subunit K; 2bl2.pdb 7 ) using the Phyre2 server 8 . Negatively and positively charged residues are highlighted in red and blue, respectively. Mass spectrometry data of intact subunits showed that the N-termini of subunit c (Vma3p) are acetylated and therefore carry no charge 9 . The model illustrates a clear asymmetry in the overall positive charge distribution at the cytosolic and vacuolar sites of the c-ring. This asymmetric charge distribution likely explains the observed uniform insertion of the cring into the planar lipid bilayer. The single orientation was conserved regardless of the polarity of the applied potential.
Figure S11: Internal dimensions of the yeast proteolipid c-ring using a molecular surface representation. This homology structure was derived using the crystal structure of the bacterial homolog from the E. hirae sodium V-ATPase (subunit K; 2bl2.pdb 7 ) and the Phyre2 server 8 . The horizontal scale bar at the midpoint of the pore lumen measures ~3.5 nm.
